Microorganisms elaborate a variety of lowmolecular-weight, high-affinity chelating agents that solubilize ferric iron in the environment and transport it into the cell (10) . These compounds are known generically as "siderophores" (formerly "siderochromes"). Fungal siderophores are typically found in high concentrations in the filtrates of iron-deficient cultures, and it has generally been supposed that they are extracellular agents secreted in response to iron deficiency. In a study carried out for an unrelated purpose with Neurospora crassa, however, we found that exposure of conidia to solutions of low water activity (a.) causes them to lose a substance that is required for their germination (2) . The substance was isolated and identified as the cyclic peptide ferricrocin (6) , a known fungal siderophore (Fig. 1) . Ferricrocin was found in the mycelia, as well as the conidia, of N. crassa grown on iron-sufficient media, but not in the culture filtrate. A structurally and functionally related compound, coprogen, had previously been shown to be present in iron-deficient culture filtrates (8) . Ferricrocin and coprogen are equally active in promoting conidial germination at low a.. The significance of the production of distinct cellular and extracellular siderophores
is not yet clear.
To assess the generality of these findings, we performed experiments with Aspergillus nidulans and Penicillium chrysogenum. Extracellular siderophores had previously been identified in both species (12) . Our study showed that specific cellular siderophores were also produced. Furthermore, as in N. crassa, the conidia of these species lost cellular siderophores at high salt concentrations and thereby became siderophore dependent. Each species could thus be used to assay siderophores. We used this assay to reexamine the production of extracellular siderophores by the two species. To obtain siderophores from conidia, conidia were harvested from cultures on potato-dextrose agar into 0.1% Tween 80 with the aid of a large wire loop. After filtering and washing the cells, the suspension was saturated with chloroform and shaken for 1 to 2 h at 30°C. The conidia were removed by centrifugation, and the aqueous phase was separated by pipette, concentrated, and chromatographed on Amberlite XAD- 
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Thin-layer chromatography was ascending on silica gel sheets (Eastman Kodak Co., Rochester, N.Y.). Paper electrophoresis was carried out at 200 V using pyridine-acetate buffer, pH 5.2, and Whatman 3MM paper; runs lasted 2 to 3 h. Amino acid analyses were performed as previously described (6).
RESULTS
A. nidukns and P. chiysogenum at low a.. It has been shown in Neurospora that conidial germination is progressively inhibited as the water activity of the medium is reduced below au = 0.98 (2) . The degree of inhibition is a function of cell density, dense conidial suspensions being less inhibited than dilute ones. This "population effect" (1, 2) has been shown to be due to the reversible loss of a germination-essential substance from the cells; since dense suspensions produce a higher concentration of the substance than dilute ones, they germinate faster. It has been demonstrated that if a dense suspension is filtered to remove the cells and the filtrate is reinoculated with a dilute suspension, the latter germinates as ifit were a dense suspension. The essential factor has been identified as ferricrocin (6 crassa, loss of siderophores occurs at low a,,. in these species and is a major cause of the germination delay.
NaCl was used to lower au. in all of the experiments reported here. Proof that the effects described above were caused by low a., per se and not ion toxicity would require demonstration of the same phenomena in the presence of a nonelectrolyte as the a,,-lowering agent. This demonstration was possible with N. crassa (2), but not with A. nidulans and P. chrysogenum, owing, we believe, to side effects-such as high viscosity-associated with the large concentrations of glycerol or glucose required to bring a,,. to the levels that are effective with the latter species. In view of the results obtained with NaCl, it is very likely that the same mechanism is at work in all three species, but the argument of this paper is independent of this assumption. The essential fact is that A. nidulans and P. chrysogenum could be made siderophore dependent by the described treatment.
Extracellular siderophores of A. nidulans and P. chrysogenunL Identification of the major siderophores secreted by various Aspergillus and Penicillium species was originally carried out by Ziihner et al. (12) . They found the principal siderophores in the media of A. nidulans and P. chrysogenum to be ferricrocin and coprogen, respectively. In addition to ferricrocin, A. nidulans produced a significant quantity of ferrirhodin.
Our study of these species confirmed the above finding for P. chrysogenum grown for 6 days or longer on the medium described by Kappner et al. (7) containing asparagine as the N source (see Materials and Methods). Under these conditions, coprogen was the predominant siderophore in the medium. In younger cultures, however, the major siderophore was an unidentified cationic compound which we call P-a. Pa was far more active for P. chrysogenum in the low-a, test than was coprogen (Table 1 ). Another unidentified cationic siderophore in young cultures was P-fl. P-fl had almost the same biological activity as P-a. A third, less active cation, P-y, was found in small amounts. P-a, P-f8, and P-y essentially disappeared from the media of older cultures (Fig. 2) . The identities of P-a and P-,f are under investigation.
If, instead of asparagine, glutamic acid plus urea was used as the N source for P. chrysogenum (7), the changes seen in Fig. 2 were greatly delayed (data not shown). Coprogen under these conditions did not appear in the culture filtrates until after 3 weeks of incubation. This delay was correlated with slower growth in the glutamic acid-urea medium.
In the case of A. niduhns, we were unable to detect either ferricrocin or ferrirhodin, the reported principal siderophores of the culture medium (12) . Instead, we found a siderophore ("X") whose chromatographic properties differed markedly from those of ferricrocin and fermrhodin (Table 2 ) and whose HI hydrolysate contained ornithine, but no other amino acids. "X" was isolated and identified as the cyclic triester N,N',N"-triacetylfusigen, also called N,N',N"-triacetylfusarinine-C (3, 4, 9). The identification was based on thin-layer chromatography and nuclear magnetic resonance spectroscopy (Table  3 ).
Biological tests of N,N',N"-triacetylfusigen gave the surprising result that this substance was inactive for both species used in this study, including the one that produces it (Table 1) . It was also inactive for Neurospora. Two very active siderophores were, however, found in the media of young (3-day) Aspergillus cultures. These disappeared from older cultures. The properties of the two active compounds were similar to those of P-a and P-fl, and they were designated A-a and A-fl, respectively. These substances are under investigation. 1, 1981 and also bound to the cell surface (6) . The presence of cellular siderophores in A. nidulans and P. chrysogenum has already been indicated in the results displayed in Table 1 . To identify the substances, siderophores were isolated from mycelia and conidia by the procedures described in Materials and Methods. Identification was made by thin-layer chromatography and amino acid analysis of HI hydrolysates (6) .
The mycelium of A. nidulans was found to contain ferricrocin and N,N',N"-triacetylfusigen in the approximate ratio 1:3.5. Conidia contained ferricrocin only. The chromatographic behavior of the isolated compound, compared with authentic ferricrocin, is shown in Table 2 . Analysis of a 4-h HI hydrolysate showed ornithine, glycine, and serine in the ratio 3.05:2:0.9.
P. chrysogenum produced ferrichrome as the only detected cellular siderophore ( Table 2) . The HI hydrolysate showed ornithine and glycine in the ratio 1.08:1.
Amounts of siderophores produced. We compared the concentrations of cellular and extracellular siderophores in order to determine whether one class predominates. The concentrations vary with age and conditions of culture, but we need only order-of-magnitude estimates for our purpose. Table 4 shows the concentrations derived from the present study and from the earlier one with Neurospora (6 that siderophore identity may prove to be a useful trait in fungal taxonomy.
